Most Significant Achievements
Anton Zeilinger

The citation for the Isaac Newton Medal of the Institute of Physics (UK), whose first
ever recipient Anton Zeilinger is, highlights his achievements as follows:

“For his pioneering conceptual and experimental contributions to the foundations of
guantum physics, which have become the cornerstone for the rapidly-evolving field
of quantum information.

It is his profound insights into the microscopic nature of reality, as described by
quantum theory, and his ability to turn new concepts into innovative experiments
that have excited the scientific community - as well as capturing the popular
imagination.

Professor Zeilinger started his career investigating the wave nature of matter through
guantum interferometry experiments with neutrons and atoms. His team later went
on to demonstrate the wave-particle duality concept in large molecules such as
fullerenes, exploring the frontier between quantum and classical behaviour.

He also re-visited and extended established theoretical interpretations of the
quantum world. In the 1990s, he carried out a series of brilliant experiments
exploring the behaviour of entangled photons. He developed a method to create for
the first time entangled three-particle states - Greenberger-Horne-Zeilinger states.
One of his most famous experiments using correlated photons is that of quantum
teleportation, reported in Nature in 1997.

Zeilinger’s work helped open the way to new quantum information technologies. He
developed the first entanglement-based cryptographic system, and more recently
worked on implementations of quantum computing using photon cluster states.

Professor Zeilinger is not only a founder and leader of optical quantum information
science but is also a mentor for many young scientists who have gone on to make
their mark in this exciting field.”

In detail, the most important achievements of Anton Zeilinger and his group include:

e Proposal [1] and experimental verification [2] of entanglement swapping, the
teleportation of entanglement, an important ingredient of future quantum
repeaters.

e Experimental realization of quantum dense coding. This was the first ever
demonstration of a protocol in quantum information where entanglement enters
in a significant way. [3]

e The world’s first quantum teleportation, a direct transfer of the quantum
state of a photon to another distant photon exploiting quantum entanglement, a
feature of correlated quantum systems Einstein called “spooky action at a
distance”. [4]

e Observation of quantum entanglement under Einstein locality condition,
thus closing the so-called communication loophole. [5]
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Discovery and first experimental demonstration of entanglement of more
than two particles (GHZ, Greenberger-Horne-Zeilinger states). This constitutes
the maximal possible contradiction between local realism and quantum
mechanics. It was also the first time that multi-qubit-entanglement was
introduced. [6]

The observation of quantum interference for the most massive and
complex molecules, the so-called fullerenes (C60 and C70 molecules). [7]

The first realization of entangled-state quantum cryptography. The security
of the transmission of secret information is ensured by natural laws. [8]

The realization of quantum entanglement purification. The quality of
entanglement of photons is drastically improved, which has important
applications for long-distance quantum communication. [9]

Quantitative decoherence experiments with fullerenes. When quantum
objects exchange information with their environment, they lose their quantum
features. In the experiment, this was shown for the case of collisions and of
exchange of thermal radiation. [10]

First experimental realization of the one-way quantum computer and
implementation of a number of protocols like Grover’s search algorithm and
prisoner’s dilemma. [11, 12, 13]

The observation of self-cooling of a micromirror by radiation pressure
inside a high-finesse optical cavity provided important insights into the
transition between classical and quantum behaviour of a mechanical
system and has contributed to many fields of physics including ultra-high
precision measurements and the detection of gravitational waves. [14]

Free-space distribution of quantum entanglement over distances of up to
144 km using polarization-entangled photons via a free-space link between the
Canary Islands La Palma and Tenerife. [15]

An experimental test of non-local realism demonstrating that a non-local
model proposed by Leggett is at variance with experimental observation. Our
result suggests that it may be the concept of objective realism which is at stake
rather than locality by itself. [16]

References

[1] M. Zukowski, A. Zeilinger, M.A. Horne, A.K. Ekert, Event-Ready-
Detectors Bell Experiment via Entanglement Swapping, Phys. Rev.
Lett. 71, 4287-90 (1993). Citations: 343

[2] J.-W. Pan, D. Bouwmeester, H. Weinfurter, A. Zeilinger,
Experimental entanglement swapping: Entangling photons that
never interacted, Phys.Rev.Lett. 80, 3891-94 (1998). Citations: 294

[3] K. Mattle, H. Weinfurter, P.G. Kwiat, A. Zeilinger, Dense Coding in

Experimental Quantum Communication, Phys.Rev.Lett. 76, 4656-59
(1996). Citations: 335

21.01.2008



[4]

[5]

[6]

[7]

[8]

[5]

[9]

[10]

[11]

[12]

[13]

[14]

D. Bouwmeester, J.-W. Pan, K. Mattle, M. Eibl, H. Weinfurter, A.
Zeilinger, Experimental quantum teleportation, Nature 390, 575—
579 (1997). Selected for the Nature “Looking Back” category of classic
papers from Nature’s archive. Citations: 1.193

G. Weihs, T. Jennewein, Ch. Simon, H. Weinfurter, A. Zeilinger,
Violation of Bell's inequality under strict Einstein locality
conditions, Phys. Rev. Lett. 81, 5039-5043 (1998). Citations: 266

D. Bouwmeester, J.-W. Pan, M. Daniell, H. Weinfurter, A. Zeilinger,
Observation of Three-Photon Greenberger-Horne-Zeilinger
Entanglement, Phys.Rev.Lett. 82, 1345-49 (1999). Citations: 364

M. Arndt, O. Nairz, J. Voss-Andreae, C. Keller, G. van der Zouw and
A. Zeilinger, Wave-particle duality of C60 molecules, Nature 401,
680-682, 14.0ctober (1999). Selected by the American Physical
Society as a physics highlight of 1999. Citations: 163

T. Jennewein, C. Simon, G. Weihs, H. Weinfurter and A. Zeilinger,
Quantum Cryptography with Entangled Photons, Phys. Rev. Lett.
84, 4729-4732 (2000). Citations: 216

B. Brezger, L.Hackermdller, Stefan Uttenthaler, Julia Petschinka, M.
Arndt and A. Zeilinger, Matter-Wave Interferometer for Large
Molecules, Phys. Rev. Lett. 88, pp. 100404, (2002). Selected by the
American Physical Society as a physics highlight of 2002.
Citations: 57

J.-W. Pan, S. Gasparoni, R. Ursin, G. Weihs and A. Zeilinger,
Experimental entanglement purification of arbitrary unknown
states, Nature 423, 417-422 (2003). Citations: 87

L. Hackermdiller, K. Hornberger, B. Brezger, A. Zeilinger and M.
Arndt, Decoherence of matter waves by thermal emission of
radiation, Nature 427, 711-714 (2004). Selected by the International
Institute of Physics as one of the top ten Physics Highlights in 2004.
Citations: 52

P.Walther, K.J.Resch, T.Rudolph, E.Schenck, H.Weinfurter,
V.Vedral, M.Aspelmeyer, A.Zeilinger, Experimental One-Way
Quantum Computing, Nature 434, 169-176 (2005). Citations: 140

R. Prevedel, P. Walther, F. Tiefenbacher, P. Bohi, R. Kaltenbaek, T.
Jennewein, A. Zeilinger, High-speed linear optics quantum
computing using active feed-forward, Nature 445, 65-69 (2007).
Citations: 16

R. Prevedel, A. Stefanov, P. Walther, A. Zeilinger, Experimental
realization of a quantum game on a one-way quantum computer,
New Journal of Physics 9, 205 (2007).

S. Gigan, H. R. Bohm, M. Paternostro, F. Blaser, G. Langer, J. B.
Hertzberg, K. C. Schwab, D. Bauerle, M. Aspelmeyer and A. Zeilinger,
Self-cooling of a micromirror by radiation pressure, Nature 444,
67-70 (2006). Selected as “Highlight of the recent literature” by
Science magazine (Jan 2007). Citations: 26

21.01.2008



[15]

[16]

R. Ursin, F. Tiefenbacher, T. Schmitt-Manderbach, H. Weier, T.
Scheidl, M. Lindenthal, B. Blauensteiner, T. Jennewein, J. Perdigues,
P. Trojek,B. Omer, M. Fiirst, M. Meyenburg, J. Rarity, Z. Sodnik, C.
Barbieri, H. Weinfurter and A. Zeilinger, Entanglement-based
guantum communication over 144km, Nature Physics 3, 481-486
(2007). Citations: 3

S. Groblacher, T. Paterek, R. Kaltenbaek, C. Brukner, M. Zukowski,
M. Aspelmeyer and A. Zeilinger, An experimental test of non-local
realism, Nature 446, 871-875 (2007). Citations: 7

21.01.2008



